37€¢

SEPAR:ATION 'CHARACTERIZATION AND LIGAND
' EXCHANGE ‘STUDIES OF u-SULPHATO
DI-CHROMIUM COMPLEXES

S. INDUBALA and D. RAMASWAMY
CentralLeather Research Institute, Madras-20, Indis

;e hange chmmatography usmg a ,mbma nof cerous perchlorate and amm i
n 1dent1ﬁed as u-dlhydroxo, p—Sul hato, he
' chrommm species and ‘w-ox -sulpﬁn 0, 0cta ‘aquo- di-chromium 'species. Thé’ etlcs of the iso-
topic- sulphate ‘exchange ‘between the ionic: sulphate and sulphato 1igand of the ‘complex: have. been
measured and a miechanism for the exchange has been proposed

INTRODUCTION

THIRTY-THREE per cent basic chromium sulphate solution is an important tanning
agent for. crosslmkmg and stabnhsmg the collagen\ous protein of: hide: It contains
several complexes 'whose composmons are unknown A’ \nowledge ‘of the nature
and characteristic: € is ess di
of the mechanism tannmg Wnth tlus end.i in vnew, an attempt ~ I
separate and characterise the: dlfferent .complexes present in the. cht;ome tanmng
solutton

coordmatio |
:complexes ‘have been sqparated by utxo‘
perchloric acid[2, 3]. Plane et al.[4, 5] have used a combmatlon of lanthanum
perchlorate and’ perchloric acid as eluting agent to separate the products of
OdeathH of chrome solunons wnh molecular oxygen and also the * Specles
.present in the bolled Th 3 ‘
-basic chromium - sulphate1 have been separated usmg perchlonc acld as elutmg
agent [6] )

‘and Mahdi[7] have reported the detection and separatlon',
m _sulphate solutions ' (
chrornatdgraph y. The 1 ‘ separated ona sephadex EC column using
_sodium chloride and hydrochloric acid as eluting agents..

" Although perchloric: acid has been used to separate the complexes, its.use to
v.separate basic chromium_complexes has lu'mtatnons since it is well known that
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mononuclear hydroxy species of chromium react with acids [8] and the binuclear
species with bridged hydroxyl groups undergo cleavage reactions[9]. Cerium
salts have also been used as eluting agents; Finholt ef al.[10] separated a mixture
‘of basic: sulphato chromium species by means of cerous perchlorate and identified
one bichromium' species. Very recently Gutlich et al[11], .have developed a
separation technique for the various chrome complexes formed by the neutron
irradiation of potassium chromate, using sodium perchlorate and lanthanum
perchlorates as eluting agents. Cady and Connick [12] have eluted the different
ruthenium species' using cerous perchlorate containing perchloric acid. In the
present study, to avoid comphcatlons due to the acid, a mixture of cerous per-
chlorate and ammonium perchlorate has been used.

Two of the complexes separated have been shown to be binuclear chromium
,by"’sulphate It is of consrderable interest to study the kinetics
;04 exchange with such sulphate-bndged complexes. Isotoplc sulphate
exchange with basic chromlum sulphate solution containing the mixture of com-
plexes has been reported[13, 14].

EXPERIMENTAL
‘Reagents-
. Thirty-three per cent basic. chromium sulphate solution: was prepared by reducing chromic oxide
(Analar) with 100 vol.. hydrogen peroxrde in the presence of the calculated amount of sulphuric acid.
ide was removed by heating the solution on a water bath,
oxides (Indian Rare

s Ltd) contaming predommantly cerium oxide were

?heated with 2M rchlonc acid and hydrogen peroxide was added to'reduce’ ceric. The pH! of the solu-
“tion was: ad_msted to:3-0 and’ cerium was estimated- gravrmetncally by -precipitation ‘as the oxalate
and lgmtron to ceric oxide[15].

hydrochlorrc acid.

Separation of the complexes

Ja
sulphate solution (0-45 M) were passed through the columnandthe flow: rate was adjusted t00-4 mll,mm .
The non-cationic fraction was first removed by passing water adjusted to pH 3:0 with perchloric acid.
A dark .green: band of 3em: length was observed at the -top of the column and a llght green band ot'

column eluted the lower light green band completely A dark green band: started ‘moving down and
reached the: bottom of the column when 15 ml of this solutron were passed.. Another dark green band
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started moving downward and. was about 2 cm from the bottom of the column when the entire 40 ml
were passed. At this stage, clrcnl‘ f ice col \ s ped and a mlxture of 0-05s M cerous

completely, leavin
Samples from ﬁxe c

Tracer experiments )

To study the kinetics of ex@hqnge with S0, the complex solutions of the desired concentrations
(1on|c strength adjusted to 1 i
thermostat at 25°+0-2°C, fo); 1 hi"before th
by injecting ®S .and shakmﬁ the soluuon [
aliquots at different time mtervals and meas
cipitated as benzidine. sulphate To obtain s

- mg of carrier sulphate: weie« adddd to the ali sepamted by, centrifugation,
washed twice with cold""distllled | water, onc red using a ﬁlter assembly[l6] v
suitable for.gounting. ”llhe'preclpntates after drying with acetone aﬁ‘df'ether were counted for %S
activity usmg aG.M. coumer

4 f the reacigon was followed by removing
ie deCrease in the activity of ionic; sulphate pre-
: “infinitely thick” layer, 25

'RESULTS AND DISCUSSION

Besides the hexa aquo| chromic species, three complexes have been eluted.
Finholt ez:4l.[10] separated two complexes only from the mn-exchange column
below hexa ‘aquo chromic : species, probably owing to the differenices in conditions
of elution..

Characterization of theggg;glgxes ,
The complexes could nbt be crystalhsed so the studies for the ass1gnment of.

be carried out w:t_hﬂ co

alkalme peroxule and mea
sulphate was determined gra
ob(a,med for the I, I and.11
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Fig. 1. Visible spectra of the complexes.

_mon 1 é dopted by Conmck and Cady [11] for
'th ( harge deterrmnahon of ruthemum specxes w,as followed ‘Ten ml of the con-
‘sed through 1on-exchange :

collected and the NH4 content m the mmal and ﬁnal,‘ ;lutlons were determined by
micro Kjeldahl method. “The Cr content of the solution was determined by oxidis-
ing to chromate and measuring the absorbance at 372 mu. From the Cr content
in the solution and the equlvalents of NH,* dlsplaced the charge per Cr atom was
'calculated the values are given in Tablel.

Charge per species

'The charge per species was also determmed followmg the method of Cady
kand Connick[12], based on the dependence of the equilibrium distribution of the
unknown cqarged ion, on the concentration of the known charged exchangeable
‘ion, in the resin and aqueous ‘phase. The complexes of known concentratnon were
equﬂnbmted for 1 hr with two different concentrations of ammonium perchlorate,

l 8. ‘K, M. Jones ahd J. Bjerrum, Acta"ch'em; 3(‘.‘0(1&5}10;974(%1965).



piSiilphato di-cChromium complexes

Table1

) lex: ¢
¥ Complex 232
11 Complex 55823

iCreonciinsol,  Charge
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1 ‘Il‘@gmplei 30
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ammonium paramolybdate, mi*

ns for the complexes with 0:1 M ammon-
lybdate.

. Flalkov et al[13] ﬂbtamed a complex exchange curve for 33% basic chromium
sulphate due to the _presence of more than oneésulphato complex. For zero

'per; en basnc chromlum
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bidentate sulphateligand.
Exchange‘experiments| were car
concentratlon, llgahd ‘sulphate” concentratlon and pH Table‘ 3.gives the results:

@) (b)

Ligand sulphate  Ionic sulphate R=2693 ab
concentration.  concentration i tyz. (a+b)
No. ™M) M) (hr)  (moles.1". m™)
€1 0-:00167 0,001 29:5  245% 1077
2 0:00295 0-001 29 2:97 X107
3 0004375 0-001 315 2:98 x 107
4 0:004375 0:0025 30 6:13x 107
s

-0-00425 0-005 29 9-15x1077

for the p.-sulphato ,y,-dlhydroxo chromium complex at varying ionic sulphate and
hgand sulphate concentrations column gives R, the rate of isotopic
. of e change/hgand, sulphate concentratlon was found to .
: mcrease linearly with an increase in the ionic sulphate concentratlon, at a fixed
ligand sulphate concentration. The experimental values of R, obtained in the range
of conditions can be correl ted by the equation

" R = k, ligand sulphate + &, (llgénd sulphate)(ionic sulphate)

where k, and k, are:the: rﬁe constants ‘which may:be evaluated from the plot of
R/ligand sulphate concentration vs ionic sulphate concentration. Table 4 gives the
results for the two complbxes at varymg pH values. For a pamcular complex,
since the ligand sulphate concentratxon is almost a constant and ionic sulphate -

Table 4. Exchange data for the complexes at.different . pH values. Temperature =
25°C ionic strength = l OM

Ligand sulphate
concentration Tonic sulphate b
No. Species ™) concentration pH  (hr)
1. - p-sulphato-u-diliydroxo.
.. complex 0-003725 No added sulphate 2:0 48:0
2  u-sulphato-u-dihydroxo
complex 0-00375 Noadded sulphate 2-8 17-5
3 w-sulphato-u-dihydroxo
complex 0°00405 Noadded sulphate 3-3 675
"4  u-sulphato-u-0xo complex 0-004825 No added sulphate 2:0 44:0
S u-sulphato-u-oxocomplex  0-00475 Noadded sulphate 28 16:0
6 u-sulphato-p-0xo.complex 0:005025.  Noaddedsulphate 3-3 65




